The treatment and disposal of industrial waste has become a critical economic and environmental issue with the ever-increasing rates of its generation. Industries in India, as major players in building the economy and GDP, expel about 7.4 million tons of hazardous waste annually, out of which around 3.98 million tons are recyclable for resource or energy recovery. India's scenario in the usage of alternative fuel and raw material is less than 1%, which reflects a huge quantum of hazardous waste for potential usage in alternative fuel and raw material. The Netherlands, with around 83% of total hazardous waste, is the highest user of hazardous waste as alternative fuel and raw material in cement kilns. Uncontrolled waste management degrades land, ground water and air quality, leading to health risks to humans, animals and the ecosystem. Presently, industrial waste in most cases is disposed to landfills after incineration, without utilizing the full potential of the wastes through recirculation. The present study analyzed the current situation of the treatment facilities for attaining a sustainable management system using waste as alternative fuel and raw material for the disposal of hazardous waste. Through the alternative fuel and raw material concept, hazardous wastes can be used as a substitute for fossil fuels and/or raw material in a few types of industries. This will surely enhance the efficient recirculation of industrial wastes. This paper presents the overall view of Indian hazardous-waste generating industries, their locations, the potential of wastes as alternate sources of fuel to other industries, the use of alternative fuel and raw material by cement industries and applicable regulatory requirements.
Introduction
Hazardous wastes (HWs) are wastes that, because of their characteristics, such as their physical, chemical, biological, reactive, toxic, flammable, explosive or corrosive properties (Fodor and Klemeš, 2012) , cause danger or are likely to cause danger to health or the environment, alone or in contact with other wastes or substances, and include wastes specified under columns Schedule I, Schedule II and Schedule III of India's Hazardous and Other Wastes (Management and Transboundary Movement) (H&OW (M&TBM)) Rules in India (Ministry of Environment, Forest and Climate Change (MoEFCC), 2016) . HW is one of the most deleterious by-products of the Industrial Revolution. Many of the environmental problems we are dealing with today are an accumulation of decades of managing the residuals of our industrial outputs in ways that we know to be inappropriate (Blackman, 2016) . HW management is a global problem comprising developed and developing countries (Babu et al., 2007; Lagrega et al., 2010; Moyers, 1993) .
As the name suggests, these hazardous wasteHWs pose a threat not only to human health through their acute and chronic effects, but also a persistent threat to the environment if not addressed appropriately. HWs are characterized by important properties such as flammability, corrosivity, reactivity, etc. These wastes pose a risk to the health of human beings, wildlife and the environment through exposure, whether directly or indirectly. The population of several predatory birds in the USA was adversely affected resulting in their decline due to exposure to dioxins (Grasso et al., 2009 ). HW has the potential to cause many types of diseases if not addressed properly, including cancers, infections, mutation-related health issues due to radioactive effects, etc. Hence, it becomes very essential to address such HWs through proper treatment and safe disposal.
In India, the wide-range production of a variety of chemicals, consuming natural resources and other anthropogenic activities such as agriculture, infrastructure and healthcare over the past decades, have led to the discharge of large amounts of wastes into the environment in the form of solid, liquid and gaseous waste. The data obtained from the literature survey reveals the percentage-wise distribution of wastes of different categories currently being generated in India: 72% municipal waste; 11% industrial HW; 8% biomedical waste; 8% plastic waste; and 1% electronic waste (Dixit and Srivastava, 2016) . Quantities of solid HW are rising at around 2-5% annually (ASSOCHAM, 2017) . The rate of the generation of HWs in India has increased to 7.467 million tonnes/year as of 2016, from around 6.7 million tonnes/ year in 2009 (CPCB, 2016; Ghosh, 2017) . Approximately 3.41 million metric tonnes (MMT) (46%) is landfilled, 0.69 MMT (9%) is incinerated and 3.35 MMT (45%) is recycled. There is ample evidence (Giusti, 2009 ) that the improper disposal of these wastes may cause pollution of biota (due to bioaccumulation and biological uptake), surface water (from overland flow or surface runoff and through groundwater leaching), ground water (through infiltration/leaching), air (via fugitive dust emissions and volatilization), soils (due to erosion, including fugitive dust generation/ deposition and tracking) and sediments (from surface runoff/overland flow seepage and leaching). At this junction, it is important to identify the fact that there are varying degrees of hazards associated with different waste streams. However, the use of potential segregated wastes generated from industry could replace conventional fuels used in some of the energy-intensive processes of other industries. In addition, there are economic advantages for ranking wastes according to the level of hazards they present and also to identify the compatibilities and/or non-compatibilities of the chemical constituents of waste streams for the development of effective waste management programs (Dales, 2002) . Cement industries in particular are playing a vital role in the utilization of HWs for energy requirements, thus reducing the load on both the fuel and carbon footprint due to waste utilization, which would otherwise end up in landfills. The cement industry constitutes approximately 5% of global man-made carbon dioxide emissions (Baidya et al., 2017) . Cement manufacturing processes are highly energy intensive, accounting for nearly 35-50% of the production costs. In this regard, AFR provides ample opportunities for reducing energy consumption. The use of AFR in co-processing has proved to be techno-commercially feasible, utilizing environmentally sustainable technology with low carbon emissions, without compromising the quality of the cement produced (Baidya and Ghosh, 2018) .
The objective of the present paper is to provide a short and comprehensive report on Indian HW-generating industries, the location of treatment and disposal facilities (TSDFs) that treat these HWs, the significance of using/recirculating HWs as AFR, the use of AFR in cement processing and co-processing, a list of cement industries using AFR in their operations and the regulatory requirements for facilitating the use of AFR by various industries.
Methodology
Qualitative data have been gathered from literature and from respective units involved in handling and treating industrial wastes. For this analysis, the qualitative data were first interpreted to gain a general understanding of the implementation strategies -namely, the types of wastes involved in industrial wastes collection and segregation, the characterization of HWs, technology selection, outputs, etc. -and the final disposal of wastes. The subsequent sections of the paper are structured as follows: Waste generators and their types; Alternative fuels from hazardous and other wastes; Alternative raw materials and industries; Processing and co-processing during waste management; Benefits of co-processing of HW in cement kilns; Role of cement industries in the sustainable management of HW; AFR scenario in India; Regulatory standards for AFR emissions; Alternative sources of derived fuels; and Conclusion.
Waste generators and their types
As rapid economic growth and tremendous industrial prosperity continues, the generation of huge quantities of HWs is also envisaged in India (Vani et al., 2017) . It should be borne in mind that there is no single ideal technique for HW identification and its management and treatment. Varying with the kind of waste generator, the type of waste received from industry and the process of its generation, the most appropriate technique for handling and disposing of HW would be selected. Different kinds of waste sources have different treatment possibilities and conceivable outcomes (Nema and Gupta, 1999; Ullah et al., 2017) . The mixing of two incompatible waste streams may cause undesirable events like fire, blast, generation of poisonous gas and heat. HWs may be characterized on the basis of the risks they pose; such wastes are divided into three categories, as shown in Table 1 .
The principal objective of any HW management plan is to ensure safe, efficient and economical collection, transportation, treatment and disposal of wastes. It should further ensure that the system operates satisfactorily for current as well as for foreseeable future scenarios. Figure 1 provides a general schema of HW supply and management.
In order to safeguard our environment, it is important to regulate such HW in an environmentally feasible and sound manner. Landfilling was the favored route of waste treatment when environmental awareness was low. But, today, as the cost of the land becomes higher and higher, opting for landfilling as a waste disposal method becomes economically non-profitable (Singhabhandhu and Tezuka, 2010) . Moreover, landfills are sources of water pollution due to highly polluted leaches, greenhouse gas emissions and local inconvenience (Garforth et al., 2004; Krook et al., 2012) . Hence, ways to reduce the load on landfillable waste has always been a much-researched area, and, as a result, the recirculation of a major portion of waste as raw material or alternate fuel to other industries has come into light.
HW disposal/management technologies
The objective of waste treatment is to modify the physical and/or chemical properties of the waste to make it suitable either for reuse and recycle, or for safe disposal through incineration, or secured landfill.
Incineration
Incineration is a controlled process, which involves the oxidative conversion of combustible solid material to harmless gases suitable for atmospheric release. It converts waste to a less bulky, less toxic or less noxious material. The principal products of incineration from a volume standpoint are carbon dioxide, water and ash, while the products of primary concern, due to their environmental effects, are compounds containing sulfur, nitrogen, halogens, and dioxins and furans (Rabl et al., 1998) . Unless adequate control is adopted, incineration treatment can lead to the atmospheric release of undesired materials, and it is also highly cost-intensive to establish or maintain.
Landfill
A properly sited and designated secure landfill is also one of the disposal methods. It minimizes the adverse impacts on the environment; however, improper maintenance of a landfill site or in an unscientific way leads to adverse impacts on the environment due to leaching or the percolation of discharge of HWs (liquid and/or solid) into ground or surface waters (Lidskog, 1998) . Landfill also poses adverse impacts on soil quality, especially on soil productivity; and on air quality in terms of odor, etc.; it is also an expensive method with huge maintenance charges, as it requires large areas of land, the costs of which continue to increase day by day.
Reuse and recycle
The waste hierarchy establishes an order of priority from waste prevention to reuse, recycling, recovery and disposal. The core of the hierarchy is to promote the best use as possible of the waste materials for replacing raw resources (Di Maria et al., 2018) . AFR is one of the best cost-effective and eco-friendly methods available in the reuse and recycling of HW in cement kiln manufacturing, with zero discharge of waste, energy recovery and it is a win-win solution for treating HW in a sustainable manner.
Alternative fuels from hazardous and other wastes. India's energy security will remain vulnerable until alternative fuels to substitute/supplement petrol-based fuels are developed based on indigenously produced renewable feed stocks. In biofuels, the country has a ray of hope in providing energy security (Kumar et al., 2010) . Biofuels are environmentally friendly fuels and their utilization would address global concerns about the containment of carbon emissions. The transportation sector has been identified as a major polluting sector. The use of biofuels has, therefore, become compelling in view of the tightening automotive vehicle emission standards to curb air pollution. However, biofuels also pose many environmentally disturbing challenges, like the utilization of more water and land by crops, costintensive extraction processes, etc., which, in turn, increase the need for other more economically and environmentally feasible options for fuels. Figure 2 presents a schematic diagram of the flow of HW from industry to an AFR facility (AFRF).
To substitute a portion of conventional fossil fuels with less energy-intensive materials, the potential for refuse-derived fuel as an alternate fuel is opted for in cement manufacturing as it is one of the most environmentally challenged industries (Reza et al., 2013) . Breyer et al. (2017) suggest that it is possible to produce an alternative fuel for industrial use whose viscosity is lower than 1 Pa s at 90ºC, from a plastic/oil mixture with an initial plastic mass fraction of between 40% and 60%, by proceeding at a maximum temperature included in the range 350-400ºC under co-pyrolysis. Chemical recycling is chosen in order to develop a new technology to valorize plastic wastes excavated from a landfill. The purpose is to produce an alternative fuel that could be used in cement kilns. AFRs offer a very valuable solution that not only holds the potential for reducing industry's dependence on coal and to reduce greenhouse gas emissions, but also as an effective means of addressing some of the pressing local environmental issues being faced by India (Sadeghinezhad et al., 2013; Semin, 2008) . The use of HW as an auxiliary resource for energy recovery or after processing shall be carried out according to the Central Pollution Control Board (CPCB) guidelines for the preprocessing and co-processing of HW and other waste in a cement plant as per the H&OW (M&TBM) rules of 2016 (CPCB, 2016) . AFRs comprise the recovery of fuel and also raw material from waste; fuel form depends on the calorific value of the waste material and raw material as a solid form as per their respective acceptance criteria according to CPCB norms to reuse the material. A report published by Norwegian firm SINTEF (detailed in GSPCB, 2014) states that alternative fuel can be divided into the following classes: a) Gaseous alternate fuels: coke oven gases, refinery gas, etc. b) Liquid alternate fuels: low chlorine spent solvents, as well as vegetable oils and fats, etc. c) Pulverized, granulated or fine-crushed solid alternate fuels: wood waste, saw dust, dried sewage sludge residues. d) Coarse-crushed solid alternate fuels: plastic and waste wood, re-agglomerated organic matter. e) Lump alternate fuels: for example, whole tires, drums and plastic bale. f) Refuse-derived fuel from segregated municipal solid waste.
Alternate fuels may comprise high concentrations of chlorides, sulfur, heavy metals, moisture, etc., and a high input of alternate fuels containing these volatiles may lead to preheater blockages necessitating a gas bypass system.
Alternative raw materials and industries. Alternative raw material like fly ash is a well-known blending material. Nearly 115 million tonnes per year (MTA) of fly ash are generated in India. Other wastes that could be used in co-processing for resource recovery are presented in Table 2 . The most capable alternate raw materials based on availability, environmental concerns, CO 2 mitigation potential and ease of processing are fly ash from coal-based thermal power plants and water-quenched granulated blast-furnace slag (Baidya and Ghosh, 2018) .
Preprocessing and co-processing during waste management. Preprocessing involves drying, shredding, grinding or mixing, depending on the category of waste. Mixing and homogenization will generally improve the feeding and combustion behavior of the wastes (Baidya and Ghosh, 2018) . Mixing of wastes may involve risks and should be carried out according to a prescribed recipe of CPCB norms. Wastes received from various sources undergo various processes like waste acceptance, preacceptance, on-site acceptance, in-plant tracking, storage and loading options, etc. A Schematic diagram for the fate of HWs in an AFRF is shown in Figure 3 . Co-processing refers to the utilization of suitable waste material in manufacturing processes for the purpose of energy and/or resource recovery and resultant reduction in the use of conventional fuels and/or raw materials through substitution (Chancerel et al., 2009 ). The waste materials used for co-processing are referred to as AFRs. Some AFRs and their calorific values are presented in Table 3 . Thermal substitution levels must be carefully determined in case of raw materials with high chlorine and/or sulfur content and also in case of high moisture content in alternate fuels, such as those generally found in refuse-derived fuels, which may result in the reduction of quality (Taylor et al., 2013) . The convenience of the use of AFRs will vary from that of conventional materials in terms of size, shape, nature, packaging and consistency, and so it may need to be pre-processed to make it acceptable for use in a sustainable manner. The substitution rate of this waste should also be adjusted according to its quality and characteristics (Parlikar et al., 2016) . Co-processing waste will preclude the possibility of consequences associated with incineration of hazardous waste and reduce greenhouse gas emissions (De Queiroz Lamas et al., 2013) . Conventionally and as per the Hazardous And Other Wastes (Management and Transboundary Movement) Rules (2015), wastes are either incinerated or disposed of in secured landfills after the required treatment. Incineration is expensive and energy-intensive, and the resultant ash requires disposal in secured landfills, which puts to waste large tracts of land; there is also the possibility of water pollution. Associated technical aspects setting out the emission standards for co-processing units in a prescribing method for the sampling and analysis of the standards, developing expertise in sampling and analysis, and also procuring allied equipment and instrumentation, establishing preprocessing facilities, should be taken up according to CPCB (2016) norms.
Benefits of co-processing of HW in cement kilns. The coprocessing of HW in cement kilns allows the recovery of the energy and mineral value from waste while cement is being produced. While processing the HW in cement manufacture, characteristics in clinker kilns ensure the complete breakdown of the raw materials of processed waste into their component oxides and the recombination of the oxides into the clinker minerals. One of the necessary process characteristics, for the essential use of hazardous and other wastes, is that the wastes are fed to the kiln through appropriate feed points. The main two important principles in co-processing are: 1. additional emissions and negative/adverse impacts on human health and environment must be avoided; and 2. the quality of the clinker/ cement must remain unchanged and should take appropriate measures for the same. Requirements for co-processing are: 1. the facility should have monitoring stations for air pollution emissions; and 2. the facility should have control devices to prevent dioxin formation through exit gas conditioning/cooling and temperatures less than 200°C. The blending unit of the AFRF and its environment is shown in Figure 4 .
Role of cement industries in the sustainable management of HW. The strategy plan adopted for HW management in the country specifies the hierarchy of reduce, reuse, recycle and recover ahead of the final disposal of waste. In tandem with this approach methodology, the HWs (Management and Handling and Transboundary Movement) Rules (2008) provided for a specific section -that is, Rule 11 dedicated to the utilization of HWs, to manage HW as a supplementary resource material or for energy recovery or after processing -shall be carried out by the units only after obtaining regulatory approvals from authorities such as the CPCB and the MoEFCC.
Hazardous incinerable wastes have vast potential to be used as a supplementary resource or for energy gradient recovery in coprocessing due to their higher calorific value/constituents, which are materials of cement having potential applicability as supplementary resource material and also as a fuel in the cement industry. Figure 5 shows the cement industries utilizing alternate fuel in India.
AFR scenario in India
As specified previously, around 7.4 million tonnes per annum (MTPA) of HW is generated in India, out of which 3.9 million tonnes is recyclable and can be used for energy recovery (CPCB, 2017; MoEFCC, 2016) , To treat the aforementioned quantity of HW, there are only around 46 TSDFs, out of which, 22 facilities have both a secured landfill and incinerators, 10 facilitates have only common incinerators and 14 facilities have TSDF with only a common secured landfill (CPCB, 2015) . Major states generating HWs are Gujarat, Maharashtra, Rajasthan, Jharkhand, Tamil Nadu, Andhra Pradesh and Telangana. Table 4 presents a list of some potential alternate fuels from HWs available in India, and a scenario comparison for India is given in Table 5 .
The best examples for alternative fuels used in place of coal in the cement industry are pre-processed low choline spent solvents, distillation residues, hydraulic oils, etc., used tires, industrial plastic, etc. About 0.1-0.2 MT of HW from Andhra Pradesh, Telangana, Madhya Pradesh, Karnataka, Tamil Nadu, Rajasthan and Gujarat are being using in co-processing in the cement industry (GSPCB, 2014) .
The production of cement in India is approximately 502 MTPA (India Brand Equity Foundation, 2018), for which the estimated coal and limestone requirements are 40 and 320 MTPA, respectively. The country, therefore, has high potential for entirely using HW generation. If found suitable, this can be used directly, or otherwise after preprocessing for co-processing. Apart from the cement industry, other potential candidates for co-processing are thermal power plants and the iron and steel industry. The locations of cement, thermal power and steel industries, along with existing locations of common HW TSDFs, are shown in the Figure 6 (CPCB, 2010) . In a worldwide scenario, the percentage of usage of AFRF in India is less than 1%. The percentage of alternative fuel use in cement kilns worldwide scenario is presented in Table 6 , and the journey of realize our vision by 2050 for the future enhancement of AFRF is given in Table 7 .
Regulatory standards for ARF emissions
The CPCB studies each class of industry to categorize, quantify and characterize the effluents and emission streams depending on type of waste generated. The manufacturing process is also studied in detail so as to suggest in-plant control measures, such as changes in raw material, process, operating conditions, reuse, recycling, etc. In view of the above, combinations of treatment processes are selected, their costs estimated and achievable parameters for effluent quality arrived at with corresponding burden-to-turnover ratios. A summary of emission standards for the preprocessing and co-processing of hazardous and other wastes in cement plants, as per the H&OW (M&TBM) Rules (MoEFCC, 2016) is provided in Table 8 . Types of waste not recommended for use as AFR in cement kilns include biomedical waste, asbestos-containing waste, electronic scrap, entire batteries, explosives, corrosives, mineral acid waste, radioactive waste and unsorted municipal garbage.
The acceptance criteria for fuel value and energy value are stated in Table 9 and are schematically presented in Figure 7 . The gas resulting from co-processing HW in the kiln shall be held for at least two seconds at 950°C, and if the HW contains more than 1% of halogenated organic substances (expressed as chlorine), the kiln temperature should be 1100°C. HW shall not be fed unless these temperatures are attained and maintained.
Gas emission in cement processing production includes the following steps: 1. drying; 2. heating; and 3. calcining, clinkerization and cooling of materials through direct interaction with hot gases, along with pneumatic material transport, classification material and its separation. After completing the production process, air, gases and pulverized materials have to be separated due to incomplete separation, which gives rise to dust emissions as particulates from the kiln/raw mill main stack, clinker cooler stack, cement mill stack and material transfer point dedusting air outlets.
By providing bag filters or upgraded electrostatic precipitators, emission particulate levels as low as 10 mg/Nm 3 can be achieved. This may be compared with 50 mg/Nm 3 proposed by the CPCB for particulate matter standards. The best available technology to reduce SO 2 emissions is absorbent addition or wet scrubbing, resulting in less than 50 to less than 400 mg/Nm 3 (daily average value), again, depending on the sulfur content of the raw material.
Fuel NOx may be released from the oxidation of nitrogen in the fuel at lower combustion temperatures; these emissions may be reduced by applying the following techniques individually or in combination:
1. Primary measure-flame cooling, low NOx burners, midkiln firing, addition of mineralizers to improve the burn ability of raw meal, process optimization. 2. Staged combustion, also in combination with a precalcinator and the use of optimized fuel mix. 3. Selective non-catalytic reduction. 4. Selective catalytic reduction: vapors of organic compounds are emitted mainly by the evaporation and/or cracking of the constituents of petroleum and kerosene found in the raw material mix. Uncontrolled emissions are usually below 50 mg/Nm 3 and can be kept low by avoiding feeding raw material with a high content of volatile organic compounds via the raw material feeding route.
Sufficient residence time is needed to destroy organic compounds. Generation of heavy metals can also be controlled during processing of HW as AFR by using effective dust removal systems. The non-volatile nature of most heavy metals allows them to be incorporated into the clinker, but some of the volatile components such as mercury and thallium are emitted. Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) having chlorine and hydrocarbon precursors are available in sufficient quantities in the temperature (Handoo, 2013) . Figure 6 . Location of cement, thermal power and steel industries, along with existing common hazardous waste TSDFs. range of 200°C to 450°C in or after the preheater, and in the air pollution control device, PCDDs and PCDFs are likely to be formed (Wang et al., 2003) .
Alternative sources of derived fuels
In the aluminum industry, spent pot-lining (SPL) is a waste product generated at a rate of 1-1.5 MTPA and is an environmental burden. Experimental studies and mathematical modeling supports the possibilities for using SPL as an alternative fuel to coal in an iron-melting blast furnace (Yu et al., 2017) .
Handling scrap tires is a burdensome task for the automobile industry. Pyrolysis processes can deliver pyrolytic gas and other useful by-products. Pyrolytic gas, a gaseous fuel, can be considered as a valuable energy source as it is composed of paraffins, olefins, carbon oxides and hydrogen nitrogen compounds, with a high heating value of about 30-40 MJ/Nm 3 (Czajczyńska et al., 2017) . Organic chemicals such as dimethyl ether can be used as a diesel alternative, having a clean highefficiency compared to ignition fuel, with reduced NOx, SOx and particulate matter; it can be efficiently reformed to hydrogen at low temperatures, and does not have any significant issues with toxicity, production, infrastructure and transportation as various other fuels do (Semelsberger et al., 2006) . Countries like Thailand are now working on a concept like well-to-wheels, where they are implementing an alternative energy development plan in which the focus is to shift the dependency from diesel to natural sources, such as oil palm (Permpool and Gheewala, 2017) . These studies emphasized the effects of substituting conventional fuels with fatty acid methyl ester (FAME), bio-hydrogenated diesel (BHD) and the newest alternative fuel, partially hydrogenated FAME (H-FAME). There are seven types of alternative fuels set for diesel substitution, including new energy crop development, referring to jatropha and microalgae, using ethanol for blending, such as FAME, ED95 (ethanol blended with additives) and Diesohol. Two other methods for the development of oil conversion technology are BHD and partially H-FAME (DEDE, 2015) . About 2.76-13.57% of the total greenhouse gas emissions can be potentially reduced for per-tonne ordinary portland cement (OPC) manufacturing by replacing 10-50% of coal with the biofuel produced from locally generated wood wastes (Hossain et al., 2017) . Vegetable oils and animal fats are considered as derivative fuels due to the high demand and limited resource for fossil fuel. An article reports the valuation of waste fish fat by the pyrolysis technique with the presence of a catalyst to produce biofuel for diesel engines, resulting in improved performance and less emissions (Varuvel et al., 2012) . A recent study demonstrated that using waste cooking oil, which remains after deep frying at very high temperatures, can be blended with diesel, making a green fuel that reduces emissions' persistent organic pollutants and indirectly minimizing the consumption of waste cooking oil (Chen et al., 2017) .
Conclusion
A number of waste recovery processes are available for recovering materials of value from HWs, paving the path for the reuse of the material. Deciding upon the selection of the treatment and the disposal of HWs must consider keeping the generation of process waste to a minimum by adopting low-and non-waste production technology. AFRFs play a vital role in using HW in a sustainable manner in the form of minimizing the waste and also substituting the alternate fuel by controlling the pollution levels like greenhouse gases. Resource recovery by the co-processing of wastes, leading to the utilization of wastes as AFRs, may be considered to be the most efficient waste-to-energy process, because waste disposal from the process is nearly zero. whereas the ash generation to be disposed of from other waste-to-energy processes varies from 15% to 25%. The current environmental legislative and regulatory systems quite often stimulate end-of-pipe pollution and waste management, but, for success, the promotion of sustainable production and consumption needs to be effectively enforced. 
